Introduction
============

Triple-negative breast cancer (TNBC) refers to a subtype in which the estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER-2) are not expressed. TNBC exhibits high heterogeneity and invasiveness, and poor survival outcome, and is currently a key topic in the field of breast cancer research. Endocrine and targeted therapy for TNBC have not been successfully developed ([@b1-ol-0-0-11274]), and consequently, the most common treatment for TNBC is chemotherapy ([@b2-ol-0-0-11274]). However, long-term chemotherapy can lead to poor patient tolerance and side effects ([@b3-ol-0-0-11274]). Thus, the development of new targets for the treatment of TNBC is expected to further improve patient prognosis.

Kinase inhibitors have proven to be successful in improving the prognosis of TNBC ([@b4-ol-0-0-11274]). The expression of mitogen-activated protein kinases (MAPKs) is an independent risk factor for disease-free and overall survival in patients with TNBC ([@b5-ol-0-0-11274]). MAPKs play an important role in the development and progression of breast cancer ([@b6-ol-0-0-11274]), and consist of serine-threonine protein kinases that can be activated by various extracellular stimuli. They are also key components of numerous molecular signaling pathways, and play a central role in proliferation-related signaling pathways ([@b7-ol-0-0-11274]). MAPKs primarily regulate the functions of other proteins through phosphorylation, and play an important role in the occurrence, development and metastasis of multiple tumors ([@b8-ol-0-0-11274]). A total of three MAPK signaling pathways have been identified, among which the extracellular regulated kinase (ERK) and stress-activated protein kinase/c-Jun NH ([@b2-ol-0-0-11274])-terminal kinase pathways are critically involved in the progression of TNBC ([@b9-ol-0-0-11274]).

Epidermal growth factor receptor (EGFR) is involved in various complex cellular signal transduction pathways ([@b10-ol-0-0-11274]). During tumor progression, EGFR can form homodimers or heterodimers by binding to ligands such as EGF, and subsequently activating multiple signal transduction pathways; these include the MAPK/ERK and phosphoinositide 3-kinase (PI3K)/Akt pathways, which promote tumor angiogenesis, proliferation, invasion and metastasis ([@b11-ol-0-0-11274]). Furthermore, EGFR plays a central role in cell proliferation and differentiation ([@b12-ol-0-0-11274]) and is closely associated with the growth of TNBC ([@b11-ol-0-0-11274]).

In the present study, the expression levels of MAPK and EGFR in TNBC tissues were investigated, and the relationship between their respective expression levels and certain clinicopathological features of patients with TNBC was further investigated.

Materials and methods
=====================

### Patient samples

A total of 300 female patients with pathologically confirmed TNBC from the 3rd Affiliated Teaching Hospital of Xinjiang Medical University (Urumqi, China), were enrolled in the present study between January 2011 and December 2013. Their median age was 46.5 years old (range, 21--71 years old). The clinical data of the patients are exhibited in [Table I](#tI-ol-0-0-11274){ref-type="table"}. The inclusion criteria were as follows: i) The subjects exhibited no ER, PR or HER-2 expression; ii) subjects that were diagnosed with TNBC for the first time and received surgery for TNBC; and iii) the clinicopathological data were complete. The exclusion criteria were as follow: The subjects had carcinoma *in situ* or non-TNBC. Breast cancer tissues were collected during surgery. Paired breast para-cancerous tissues (n=120), obtained from the 300 enrolled patients with TNBC were selected as controls. Written informed consent was obtained from each patient and the present study was approved by the ethics review board of Xinjiang Medical University.

### Immunohistochemistry

The expression levels of MAPK and EGFR were determined using immunohistochemical staining. The tissues were fixed with 10% neutral formalin for 24 h at room temperature, embedded in paraffin and cut into 4-µm sections. The tissue sections were then dewaxed using xylene, and rehydrated in using a graded alcohol series. Subsequently, the sections were incubated with 3% hydrogen peroxide for 10 min at room temperature to inhibit endogenous peroxidase activity. After blocking with 10% BSA at 37°C for 40 min, the sections were incubated with primary antibodies against MAPK (1:200; cat. no. M-9692) and EGFR (1:100; cat. no. ZM-0093; both Beijing Zhongshan Golden Bridge Biotechnology Co. Ltd.) at 37°C for 90 min. After washing with PBS, secondary antibody anti-mouse IgG (cat. no. ZDR-5006, Beijing Zhongshan Golden Bridge Biotechnology Co. Ltd) was added and incubated for 20 min at room temperature. Finally, the sections were treated with DAB chromogenic reagent and counterstained with hematoxylin. The tumor tissues with positive expression of MAPK and EGFR were used as positive controls. PBS was used instead of the primary antibody as a negative control.

### Evaluation of staining results

The staining results were evaluated by two individuals in a double-blinded manner. Concerning MAPK expression; cells exhibiting yellow or brown staining in the cytoplasm and the nucleus were considered to be positively stained. A total of five fields were randomly selected under high magnification (magnification, ×200) using Olympus C-7070WZ light microscope (Olympus, Tokyo, Japan), and 100 cells per field were counted. The positive rate was the ratio of positively-stained cells to the total number of cells counted. The percentage of cells with positive staining corresponded with the following scores: 1, \<25%; 2, 25--50%; 3, 50--75%; and 4, \>75%. The staining intensity was evaluated as follows: 0, no staining; 1, light yellow; 2, brownish-yellow; and 3, tan. The degree of staining was calculated by multiplying the percentage of positive staining by the staining intensity. A total score of ≤3 points was defined as negative staining, and a total score \>3 points was defined as positive staining.

EGFR results were based on the staining continuity of the cell membranes; the immunohistochemistry staining results were scored as follows: 0, no staining; 1, cell membrane staining was discontinuous and exhibited brown/tan staining \>10%; 2, membrane staining was continuous with incomplete shape and exhibited brown/tan staining \>10%; and 3, the membrane staining was continuous and with brown/tan staining \>10%. The staining intensity was scored as follows: 1, light brown; 2, medium brown; and 3, dark brown. The degree of staining was calculated by adding the scores of the continuity of the cell membranes and the intensity of staining. A total score of \<3 points was defined as negative staining, and a total score ≥3 points was defined as positive staining.

### Follow-up

Follow-up was performed using hospital review and the telephone. The beginning of the follow-up period was defined as the date of surgery and follow-up occurred 5 years post-operation. December 1, 2018, or the date of patient death, was considered to be the deadline for follow-up. Overall survival time was defined as the time between first diagnosis and mortality of the patient. Local recurrence referred to recurrence of the tumor in the ipsilateral breast, chest wall or regional lymph nodes. Distant metastases were confirmed by clinical examination, imaging, and pathological diagnosis of tissue biopsy. The follow-up rate was 94.7%. Tumor-free survival was defined as the time from the start of surgery to the time of recurrence or metastasis.

### Statistical analysis

The data were analyzed using SPSS 19.0 (IBM Corp.). The χ^2^ test was used to analyze differences in the data between the two groups, and the correlation between MAPK and EGFR expression in TNBC tissues were analyzed using Cramer\'s V test. The relationship between MAPK and EGFR expression with lymph node metastasis, clinical stage, recurrence and metastasis was analyzed using the χ^2^ test. Kaplan-Meier analysis was used for survival analysis and the log-rank test was used to examine differences in survival between groups. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression levels of MAPK and EGFR in TNBC tissues

Expression levels of MAPK and EGFR in TNBC tissues were detected using immunohistochemistry. The representative staining results are displayed in [Fig. 1](#f1-ol-0-0-11274){ref-type="fig"}. As shown in [Table II](#tII-ol-0-0-11274){ref-type="table"}, the number of cases exhibiting positive expression of MAPK and EGFR in TNBC tissues was 118/300 (39.3%) and 136/300 (45.3%), respectively, compared with paratumor tissues. In 120 paired paracancerous tissues, the number of cases with positive expression of MAPK and EGFR were 20 (16.7%) and 26 (21.7%), respectively. The expression levels of both MAPK and EGFR in the cancerous tissues were significantly higher, compared with paired paracancerous tissues (P\<0.05). Clinical data analysis determined that there were no statistical differences in the expression levels between different ages or ethnic distributions ([Table I](#tI-ol-0-0-11274){ref-type="table"}). The results of the present study indicate that MAPK and EGFR expression levels are increased in TNBC tissues, potentially implicating them in the occurrence and progression of TNBC.

### Correlation between MAPK and EGFR expression levels in TNBC

To determine the degree of correlation between the expression levels of MAPK and EGFR in TNBC tissues, Cramer\'s V test was performed. As shown in [Table III](#tIII-ol-0-0-11274){ref-type="table"}, there was a high degree of correlation between MAPK and EGFR expression in TNBC tissues (*C*=0.500, P\<0.01). This result indicates that MAPK and EGFR are co-expressed in TNBC.

### Association between MAPK and EGFR expression, and the clinicopathological features of patients with TNBC

The association between MAPK and EGFR expression levels with TNBC clinicopathological features, such as lymph node metastasis, clinical stage, recurrence and metastasis, was evaluated using the χ^2^ test. In patients with lymph node metastasis, the positive expression levels of MAPK and EGFR were 48.7 and 55.6%, respectively (P\<0.05; [Table IV](#tIV-ol-0-0-11274){ref-type="table"}), significantly higher than those of patients without lymph node metastasis. Similarly, an advanced clinical stage was associated with higher positive expression levels of both MAPK and EGFR ([Table IV](#tIV-ol-0-0-11274){ref-type="table"}). At the end of follow-up, 85/300 patients (28.3%) experienced recurrence and metastasis. Of these, 46/85 (54.1%) exhibited positive MAPK expression and 52/85 (61.2%) exhibited positive EGFR expression. In the 215 cases without recurrence or metastasis, the positive expression level of MAPK was 33.5% (72/215), and that of EGFR was 39.1% (84/215); these differences were statistically significant. The results demonstrate that there is a significant association between MAPK and EGFR expression and lymph node metastasis, clinical stage, recurrence and metastasis in patients with TNBC.

### Association between MAPK and EGFR expression levels, and patient survival time

To understand the effect of MAPK and EGFR expression on the prognosis of TNBC patients, 5-year tumor-free survival analysis was performed on the enrolled patients. The survival curves of 85 patients with recurrence and metastasis were constructed using Kaplan-Meier analysis and the log-rank test. Compared with patients without MAPK expression, MAPK-positive patients exhibited a log-rank value of 11.427, where P\<0.01 ([Fig. 2A](#f2-ol-0-0-11274){ref-type="fig"}). Compared with EGFR-negative patients, those with positive EGFR expression indicated a log-rank value of 11.864 and P\<0.01 ([Fig. 2B](#f2-ol-0-0-11274){ref-type="fig"}). This indicates that the prognosis of patients with positive MAPK and EGFR expression was poor, compared with expression-negative individuals. The results of the present study indicate that the patients with positive MAPK and EGFR expression demonstrated shorter survival times than those negative for MAPK and EGFR expression.

Discussion
==========

TNBC is a subtype of breast cancer ([@b13-ol-0-0-11274]) that exhibits different clinicopathological features and prognosis compared with non-TNBC ([@b9-ol-0-0-11274]). In patients with TNBC, high expression levels of EGFR induce the activation of the MAPK signal-transduction pathway, stimulating the proliferation of malignant cells and causing the hormone-independent proliferation of TNBC cells ([@b14-ol-0-0-11274]). Therefore, the effect of EGFR on MAPK expression, and the effect of both proteins on the prognosis of patients with TNBC, requires further elucidation.

The MAPK signaling pathway is an important signal transduction pathway involved in the development of TNBC ([@b15-ol-0-0-11274],[@b16-ol-0-0-11274]). MAPKs play a central role in the expression of ER, PR and HER-2, and are closely related to the invasion, metastasis and prognosis of TNBC ([@b17-ol-0-0-11274]). Higher MAPK activity is associated with shorter survival time in patients with TNBC, and may therefore be an indicator of a poor prognosis ([@b15-ol-0-0-11274]). Upregulation or continuous activation of EGFR causes the activation of MAPKs ([@b18-ol-0-0-11274]). During the progression of TNBC, EGFR forms homodimers or heterodimers by binding to its ligands (including EGF), and activating multiple signaling pathways (such as PI3K/Akt or MAPK/ERK) that promote tumor-cell proliferation, invasion and migration ([@b19-ol-0-0-11274]). In the present study, the positive expression rates of MAPK and EGFR in TNBC tissues were 39.3 and 45.3%, respectively, similar to previous studies \[45%; ([@b20-ol-0-0-11274])\]. Correlation analysis determined that MAPK was significantly associated with EGFR expression, suggesting that MAPK and EGFR may act synergistically to promote TNBC progression.

Lymph node metastasis and TNM staging are important for evaluating clinical prognosis in patients with TNBC ([@b21-ol-0-0-11274]), and can provide a basis for the selection of treatment options ([@b22-ol-0-0-11274]). The present study determined that in patients with TNBC, both MAPK and EGFR expression were significantly associated with both lymph node metastasis and clinical stage. It has also been discovered that patients with high levels of MAPK and EGFR expression are more prone to early recurrence, metastasis and poor prognosis ([@b23-ol-0-0-11274]--[@b25-ol-0-0-11274]). However, two studies elucidated that there was no significant correlation between MAPK expression and lymph node metastasis ([@b6-ol-0-0-11274],[@b20-ol-0-0-11274]), which was not consistent with the results of the present study. This may be attributable to study size. Further analysis in the present study determined that the expression levels of MAPK and EGFR were associated with recurrence and metastasis. Positive expression of MAPK and EGFR in TNBC patients with recurrence and metastasis was significantly higher than in those without. Furthermore, patients with high expression levels of MAPK and EGFR had a poorer prognosis and lower survival rates than those with low expression, consistent with previous studies ([@b26-ol-0-0-11274],[@b27-ol-0-0-11274]). Moreover, the proliferation of TNBC cells may be inhibited by targeting the MAPK pathway, thus achieving therapeutic effects ([@b17-ol-0-0-11274],[@b28-ol-0-0-11274],[@b29-ol-0-0-11274]). Taken together, the results of the present study indicate that MAPK and EGFR play a primary role in TNBC development, and may be considered as independent prognostic indicators and new targets for the treatment of TNBC. Thus, the different statuses of TNBC patients should be considered, and individualized treatments should be employed to further improve prognosis.

The present study had certain limitations; firstly, it was a retrospective study analyzing a small sample population. Secondly, immunohistochemistry experiments were performed using antibodies with broad MAPK recognition, instead of antibodies specific to certain members of the MAPK family.

In conclusion, MAPK and EGFR expression levels were increased in TNBC patients (compared with paratumor tissues), and were associated with lymph node metastasis, advanced clinical stage, recurrence and metastasis, and poor survival rate. In the future, MAPK and EGFR may be used as independent prognostic indicators and novel targets for the treatment of TNBC, thus individualized treatment plans should be devised according to the different statuses of patients with TNBC, with the aim of further improving prognosis.
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![Expression of MAPK and EGFR detected by immunohistochemistry. The expression levels of MAPK and EGFR in cancerous tend paired paracancerous tissues were detected using immunohistochemistry. Magnification, ×200. MAPK, mitogen-activated protein kinase; EGFR epidermal growth factor receptor.](ol-19-03-1842-g00){#f1-ol-0-0-11274}

![Relationship between MAPK and EGFR expression and survival rate in TNBC. Kaplan-Meier analysis was used for survival analysis and the log-rank test was used to analyze the differences in survival rate. Survival of patients with and without (A) MAPK and/or (B) EGFR expression. MAPK, mitogen-activated protein kinase; EGFR epidermal growth factor receptor; TNBC, triple negative breast cancer.](ol-19-03-1842-g01){#f2-ol-0-0-11274}

###### 

Clinical data of patients with TNBC.

              MAPK                     EGFR                                             
  ----------- ----------- ------------ ------- ------- ----------- ------------ ------- -------
    \<40      41 (46.1)   48 (53.9)    2.405   0.12    46 (51.5)   43 (48.3)    2.060   0.150
    ≥40       77 (36.5)   134 (63.5)                   90 (42.7)   121 (57.3)           
  Ethnicity                                                                             
    Han       65 (40.1)   97 (59.9)    0.439   0.803   72 (44.4)   90 (55.6)    0.130   0.94
    Uighur    31 (36.5)   54 (63.5)                    39 (45.9)   46 (54.1)            
  Other       22 (41.5)   31 (58.5)                    25 (47.2)   28 (52.8)            

MAPK, mitogen-activated protein kinase; EGFR, epidermal growth factor receptor; TNBC, triple negative breast cancer. The percentage of the patient population is indicated in brackets.

###### 

Expression of MAPK and EGFR in TNBC and paracancerous tissues.

                           MAPK         EGFR                      
  ------------------------ ------------ ------------ ------------ ------------
  Cancer tissues (%)       118 (39.3)   182 (60.7)   136 (45.3)   164 (54.7)
  Paracancer tissues (%)   20 (16.7)    100 (83.3)   26 (21.7)    94 (78.3)
  χ^2^ value               19.962       20.262                    
  P-value                  \<0.01       \<0.01                    

MAPK, mitogen-activated protein kinase; EGFR, epidermal growth factor receptor; TNBC, triple negative breast cancer.

###### 

Association between MAPK and EGFR expression in TNBC tissues.

                 MAPK                       
  -------------- ------ ----- ----- ------- --------
  EGFR                                      
    Positive     90     46    136           
    Negative 2   8      136   164   0.500   \<0.01
    Total        118    182   300           

MAPK, mitogen-activated protein kinase; EGFR, epidermal growth factor receptor; TNBC, triple negative breast cancer.

###### 

Association between MAPK and EGFR expression, lymph node metastasis, and recurrence and metastasis in patients with TNBC.

                                          MAPK                             EGFR                                     
  --------------------------- ----- ----- ----------- ------------ ------- ------- ----------- ------------ ------- -------
  Lymph node metastasis       Yes   117   57 (48.7)   60 (51.3)    7.08    0.008   65 (55.6)   52 (44.4)    7.05    0.008
                              No    183   61 (33.3)   122 (66.7)                   73 (39.9)   110 (60.1)           
  Clinical stage              I     82    24 (29.3)   58 (70.7)    10.9    0.004   22 (26.8)   60 (73.2)    16.9    0.001
                              II    140   51 (36.4)   89 (63.6)                    60 (42.9)   80 (57.1)            
                              III   78    42 (53.8)   36 (46.2)                    46 (59.0)   32 (41.0)            
  Recurrence and metastasis   Yes   85    46 (54.1)   39 (45.9)    10.86   0.001   52 (61.2)   33 (38.8)    12.01   0.001
                              No    215   72 (33.5)   143 (66.5)                   84 (39.1)   131 (60.9)           

MAPK, mitogen-activated protein kinase; EGFR, epidermal growth factor receptor; TNBC, triple negative breast cancer. The percentage of the patient population is indicated in brackets.
